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208 (5) hypothesis that the apparent volume of distribution increases in small steps with decreasing molecular size, i.e., that there are more than the two classic tissue water compartments.
The purpose of this paper is to provide data describing, for a series of molecules, the time courses of diffusion into a relatively homogeneous tissue, the circular muscle layer of canine jejunum.
It appears from the data reported below that there are at least four water compartments in this smooth muscle.
METHODS

Mongrel
dogs of either sex were anesthetized with sodium pentobarbital (30 mg/kg iv). A 2o-cm length of intestine beginning approximately 20-40 cm from the stomach was isolated and removed. The circular smooth muscle layer was dissected free from the mucosa and longitudinal layers, while the intestinal tube was mounted on a glass rod. The dissection was done in KrebsHenseleit (K-H) solution (6) and took approximately 20 min. Thirty to forty rings 1-2 mm wide were then cut from the remaining circular smooth muscle tube and placed in a bath of K-H solution at 38 C.
A mixture of g5 % 02 and 5 % CO2 saturated with water vapor was bubbled through the K-H solution. After being preincubated for I hr the tissue was rapidly transferred to a K-H solution containing one of the following in trace amounts: radioiodinated serum albumin (RIW 3 urea-C14, n-arabinose-1 -C4, n-mannitol-r ,6-C4, uniformly labeled sucrose-C4, and inulin carboxylicCl4 acid, or 21 mM/liter raffinose. In a few experiments 21 mM/liter sucrose or 48 g/liter inulin was added to the bath along with the tracer. The labeled medium was also maintained at 38 C and aerated with g5 % 02 and 5 % COZ. At timed intervals rings of tissue were removed from the bath, quickly blotted dry on clean filter paper, placed in tared IO-ml volumetric flasks, and weighed. The wet weights of the tissue were approximately IOO mg. Some flasks were then placed in an oven at 105 C overnight so that wet and dry weights could be determined. The remaining flasks were filled with distilled H20 and kept at 4 C in order to leach out the test substance from the tissue. It was found that 18 hr was sufficient time for leaching.
The concentration of the test substance in the supernatant fluid was determined by either chemical or isotopic analysis. Aliquots of the incubation solution were withdrawn at intervals and also analyzed for the test substance. No change in the bath concentration of any test substance was found during the incubation period. RISA activity was measured using a deep-well scintillation counter. The activity of C14-labeled compounds was determined with a liquid-scintillation counter. The chemical concentrations of inulin, raffinose, and sucrose were determined according to the method of Shreiner (g), Na and K were measured as previously described (7), and chloride by electrometric titration.
In all experiments in which raffinose was added to the medium there was also present one other substance labeled with C14. Thus, in at least one experiment, raffinose determinations were made on the same tissue as were arabinose, mannitol, inulin, or sucrose. In addition, some tissues were analyzed chemically and isotopically for inulin or sucrose. No differences in results were observed between the isotopic and chemical analyses. All results are expressed as a fraction of the apparent volume of distribution at any given time divided by the total water volume of the tissue.
RESULTS
The apparent volumes of distribution were calculated for different times as the test substances diffused into the tissues. Table  I presents the data from all experiments. Since it was possible to follow only two compounds in any single experiment, the variability between dogs contributes to the statistical significance of the differences between the means of the different substances. Figure I shows graphically the changes in the apparent volume of distribution of all compounds studied as a function of incubation time. None of the compounds reached its "plateau" value in less than 80 min of incubation.
That this was not complicated by water movements is evident from the fact that there was no change in the water content of the tissue during the entire period of incubation.
At (2) . However, it seems probable that the urea is at the bath concentration in all the tissue water and an additional amount is bound. Arabinose and mannitol, as may be seen from Fig. I , diffuse into the tissue with quite similar time courses and both have access to such a large fraction of the tissue water that some penetration into cells must occur. However, although the data are not definitive on this point, the curves seem to plateau below the level of equidistribution in all cell water. The curves for sucrose, raffinose, and inulin are clustered together. Again, as with urea, the existence of virtual equilibrium in these respective spaces seems amply demonstrated.
The size of these spaces is not far from values reported for inulin spaces in other smooth muscles (2, 5) .
However, it is important to note that the order of the curves downward, including the one for RISA, is determined exactly by molecular size. In regard to the RISA, there is nothing about the entry curve to reject the assumption that it may be used to estimate accurately extracellular space. Its curve, in fact, approaches a plateau as early as the other much smaller molecules.
None of the molecules diffused into the muscles with the kinetics of a one or two well mixed compartment model for the tissue. Neither did they follow curves for diffusion into sheets of homogeneous material. Moreover, there was no ordering of the curves nor clear differences between the time course resulting when the fractions of values in Fig. I muscle were found to be Na+, 72.6 E!Z 2.3 SEM; Cl-, 57.6 =Jz 6.3 SEM; and Kf, 75.4 rt 3.0 SEM. In Fig. 2 In this light, it is possible to consider the RISA space the true extracellular space. The RISA curve in Fig. I  seems to have plateaued, and it is certainly difficult to imagine that the true extracellular space is smaller than that available to RISA. On the other hand it again is possible for some regions of the extracellular compartments to be closed to the diffusion of RISA. One can only speculate what such a space might be. Electron micrographs of canine intestinal smooth muscle show packing of the collagen fibers and the extracellular protein near the cells (9). RISA might be able to diffuse into this region only very slowly. However, it is not now possible to decide whether such packing of extracellular protein occurs in living muscle or is an artifact of fixation. In any case it does seem safe to assume that the extracellular space of this muscle is not less than the RISA space and not more than the inulin-raffinosesucrose space.
That the order of molecular sizes of the test substances correlate with the order of the 24o-min space values of Table I is suggestive, as Bozler has pointed out, of a system of blind diffusion channels whose diameters vary considerably (2). This notion is certainly more
